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The effect of multiple soattering on bremssiratinug
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and pair productioa is considered. The probabili sy ot’
By these processes considerably d.screasez at 6!1&1’@1&5 ;;/a"s

The caleulations are carried out with the eld  of
the density matriz. The rormu;lw thus " obtained yield tha
probability of pair production gnd bremastrahlnng far ar=
bitrary eleotron ana photon energies.
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s lavrodue-. . on,

a0 DiZh enevgies when 1he directi.as of the particles
F-rticip.ting in pair production and bremsstrahlung almost
coincice lurize longitudinal distances beg:n to play an im -~
pPorieat role, Thusg, i g photon or wavelength X is emiz-~
ted during bremsstrahlung s certain length &~ ;f% ‘ is
found to ve esaential, Y — being the electran \if‘é‘lacity.
L. Lanjau and I, l’oineranohul: have ghown that multiple scat-
tering over this length J.ba.da to a aignifieant decrease of
theé p dbabili+ Ly of the af;grmantioned progesses“ 2

2
An eztimate of thedross geotions far bremsstrehlung
and pair production in the limiting case of ultra high energ-

ies (£ » 0%, ) ;]:;_3 given in?
T™hs entensity of en‘ission of soft photons by eleotrons
of arbitrary energy has been conputed in In this pa-

rer tae classical formula for latensity of emission by .an
electron moving along a given trajeotory has been averaged
over &l) possible trajectories, Thig procédure was carried
out by means of the distribution functi on which was averaged
over ithe positions of the atomg of the scattering medium ang
which satigfies the usual kinetic equation.

The aim of the present paper is the dedur:tion of for-
mlse for the brobability of bremsstrahlung (fornmla 61) and
pair production ! Formula 63) per unit prath in a condenseq
‘medium for arbitrary photon angd eleoctron energies, This

is done by connecting the trangition probability with

! L. Lardau, I. Pomerandy £y Dokl. Aoad.Naux S,8,8.R.,
Ve 92’, No. 3, P 5350 f 4n msxan)

° L.Landau, I. Pomamnehmc-'nau..axaa.wuk 8.8.8.8., v.92,
No. 4, p. 735, (1953) (In Russien),

die mgd&l. DOJ{l Akmltum 80803&&.’ Ve 96 ﬁo. 1, P 4q
J1954) (In Russilan).
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the dersity mazria ond then using tio wiuatiea for the denaity
Fiﬁ&ﬁl‘la’. averaged Q?W tém wmt@r&ng AW ) aoordinatea deduaed

47 o At logv energles formules (01} ana (63) tzansform

R .

into the Bethe-Heitler Zormula ¢ ; in the limitirg case

of ulire high eneszies the Pormules conZiys the estimztion

e obtained in 2 T s At photon energiss much lower thar thst of
the aleotron, Pormuls (61) changes into the expressica obiain-
ed in > . Pinally, for every soft photons, when the

- s =

deviation of the dislectrioc constant frozm unity is important,
P formila (56) ‘of the present paper y.!alda intha limiting cage
ths same results es thoge presented in?.
FPormulae (61) and (63) can be used to coagtruct a
theory of shaver prodnotion in oond.ense& nataria.ls at energ~

The probibiutm tcr hrmltxnhlung eaiﬂ. pair produc-
tion nuat be avoreged over a.n peaaibla distribntiona of
, the atomg of. the saa.tterins naterial. We: ﬁrat express the
radistion. tranait;g y

then make use ot thé aquation ror m mrm& amuy

¢ A Migast, Dokl. Aksd. Nauk, v. 1o§ (Ho. 1, 3 ')n,
Busplen),
5 . Migdaly E, mxm:tav—sakm
V. "105, Ho. 2, ps 2334 (isss) tia gy |
® B. Bossi K. Greisen "Coznio 8 E‘w. of '
:mﬂcp To 13; P. 2 ny(lm)p : Hod.
paka,

Bos 6, p. 1053,
(m&) (zn mg SP 2053

Declassmed in Part - Sanitized Copy Approved for Release 2014/06/20 : CIA-RDP80- 00809A000100140020 8

50X1-HUM

50X1-HUM




N : N 4o ]
T s S e .. N
' .‘ . n ' Appr for R 4, : CIA-RDP80-00809A000100140020-8
A Decl ified | Part Sa ‘ itized Copy PP oved for Release 2014/06/20 : ClI DP80-00
eclassifi

~
50X1-HUM
] -3 - ]
3 ¢
matrix obteined infef. W
E Bsstricting our trestment 4o the firat spproxime-

tion with respect to ths eleotron - rediation Pield inter-
action and denoting the electrcm proper funstions in the

scattering medium by v, and the inftial electron

‘ - wave function by 14 ‘ we get ‘t
E . ot kb it gy
Sl e e iy atn s Fige ™ /¥)

E 3
E

vhere A 13 the radiative transition operatop:’

P Sy

3 - BT
: H=ZE e " % f2F
éfis the polarizsation 'vector, £ - the photon wave
" vector, H - the electron Hamiltonian which
includes the potential of all the acatterers
1 Het, + SLV(E-F) HY =£,
The MumkaCay

unit system has been
chosen, The.electron ang bhoton ¥ - functions have
been normgliged Per unit volunme,

The radiative transition rate is then given by
Q= /Gl 2 20 Ere, -

w/ ¥ /e ikt ﬁe"m‘/y.f e’

¢
JHr -/
= 2/"2 (K//e }7*8

. final stites of ths. alsc . g, which
we firgt consider, one mugt sum over all wvaluag of S
. j corresponding to positive elsotron energies, Indtoduoing

. &,
an eTrgy sign operator X = W ~ where

] 50X1-HUM
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!

=
e i
t . ~ 4 w R
£ the 20 ¥ ¥ (x) = Seox
¢ we obtain
-. * 4 5
2N R= Z - T, ML) - o ,
' Pyl Q, 2'?/(%/6 ﬂ'.'/ee e ’”72’)2 ‘(‘.‘)“/fl
' (2)
x
1 At high energies the operator & in (2)
. . ?
4 practically does not differ from the free moti
clectron operator . K. = Let{SY ’ o
. x .by = 27857 - Substituting
. . . . it will be seen that the qo-
; ordinates of the scattering centers cnter‘ (2) om1

t through a faot jfoue 7

3 ors of the form €

i .

We shall. b aaian e

: dently a -.nw ow that; 4t:1s poasible to indepen-
: VOTage. aver ‘the soatterer cobrdi .

osd AN Eh Coatetrbed gl +

the fastors. womt, ¥ coprdinates entering

| " z e

: CIA-RDP80-00809A000100140020-8 O -,
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Ho now write the integrand of (2) a8 the matrix
element of ths product of the operators in the mpreeenta-
tion of the electron free motion wave functions i

4 IF'L
| AL
desuming ¥ =¥

(F - 1is the initial electron momentum) arnd de-
signating the avorage by the sign < > ve
obtain from (2)

L .
<Q>e2ke fire’ "7
or (3)
where ,,.é A
Tt/ e e Ty s
- . HT i A A <iHh A A,
2o <0 e e St (e
A, Ag - Ch
and N T T ‘a8 the factore eﬂﬁé' '
2 M /
and e are statistically independent
we find - ' ’
Ta ~iHE Ay A, i :m— ,o-:h‘a' 4,4
f%’«e é,p(e / ><(ﬂ‘.z~c e ">

|
It ’ahqnli!i"'h'e*n‘otéa that at high unﬁéé'iea wi.uan small ’
relative changes of the electron momentum are important,
scattering does not ohange the spinor gtate , < ¢

27t A4’ r LAV
() - o

14

vithmmorofths@dmr Qfﬂ”
end in thig osse ~
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The first factor in (4) as a function of the vari-

sbles ,§' £z satisfies the same eguation
.3 the averaged density matriz
- MZ ~T A /\. t
< e ‘pe o
<px > =<(e 8 )5z
it foliows from this equation*"r that

the difference B-F remains constant
during scattering (this is a result of uniformity of the

scattering medium). A8 the first factor in (4) equals

- o { =0
AR e
it may be written as follews
1Mt A, Aty A de .
CCe (e M) N s S e by e (5)

BE EF

The second factor in (4) may ba written as the sum of

the operator products in the momentum representation.

Using (5) end the expression for operator 4 we
cbtain ad )
. HE 2.n M HT A A, - i
v . (T .
ke A N e O Gt T g et [
E")a ‘
Hereo
/”z"a l"‘/'g LAl ‘_;yf".z
}f a(ﬂ, ’:!;;' 34 ’ 2
spinor functions. e e
Denote
S g, BEZA R N ;e
555 2.— -y S LETD (1)
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The equation coefficients and initial oond.itions

r Ao A,

(1C) and (12) for f 75 ) and

AL A, ¥
- (F L) ere independent of the sp#in orienta-

tion and therefore on sumning over a4, i,

for a fixed energy sign one may drop the spinor indices
in these functions.

Inserting (5) and (6) in (4), Sumaing over the photon

bolarization and aversging over the initial state Spins we
get

I g e e

£%>0

mEEe £ (8)

It may be noted that the quantity

J‘,X, N A,J . Ao
- LA - 7- oy
, A A,
/ F’=,F'~‘ ( ,6"‘5,5’( / - X / X
z 3 'f ;.» &,ﬁ. 5

satisfies the e
quation a‘é A ,o]

Yoreover, S > _7_ Hr
’ O - = 7 Ao M - Hr) A “o
/ad r O’l ) e / ) =

l,

i e. L - ia an element of the denaity
matrix in the momentunm Trepresentation. We shall call the
guantity f;. &, 7) the averaged

density matrix,

50X1-HUM

50X1-HUM
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I:e problem of averaging the <ransition rate reduces
tc determipation of the &veraged Jenaity matriz and to

evsiuation of surx (8) and integral (7).

il1l. BEquation for Aversged Dencity Matrix

4
4p was shown in the averaged depsity matrix satisfies

the ecuation

x> {,b'ﬂ R A, A
?-? '/Ep -[ réi'/’{&’ //[’.'?j‘g
[ e Y ) R S W ) - (O
- L))

. together with the initial condition which follows from the
definition of £ (5. 7)

L) gz (10)

Two

This equation differs from the classical kinetic
- 1. .
equation in that the difference £_.° . - E", &
/"'l'-g F2l 2
enters the left hand side instead of a':j’sé‘-;
E . and the collision term is the half sum of the usuel col-

. lision terms for the momentum 5" - &

4 4, 5 X

: energy £ Fe £ and for the momentum 5™ £

e oA,

: and energy EF_ 3

For K & P (9) changes into the classical

e
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kinetioc equation for the & Fourier component
of the distribution function, The function £ 2)
satisfies the equation

,ng.Ag/T-r;) /o/ 2 . A\ r /A,
AL oo S 2 e £ 1)

and initial condition

’
/

"’.Ju /
/.[ /5, z) "J/s-"
' feo MR (12)

From (11) and (12) we find

Ao Au 5
L (5 ) S = f
// 2, /) (13)

It follows from (11) and (12) that A ™

différa from gero only for -]

and therefore a function .08, %) can be
introduced,in accord with the formula

£ e (5,4) =22 do-0)v (8 ¢ )0 dE

(2003

Vgt =) (14)

f mo

—

5
where = -

.DL\,‘

i8 the vector of the angle
between 5 and O
From (13) we obtain

(008 A AT

2

50X1-HUM
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3 It is easy to sea that /{_ (7,7) differs from zero
1 only for values of £  which are close to F=R-F
Zeo this follows from (10):

,» Por

E 2
E - o= 0%y

fa—qzw ox/ - ¢ g‘k‘,-g(z %’57'9

. where ” is a small angle between 5 and ~

We now introduce vectors of the angles between 73

’

and £  and between ) and =

—
D = -
I

g=5-F

e !»"l
"5y

0
9 . (15)

- Here &, 5. (designates the projection of 5,5 on the

plane perpendicular to < The O -functions on the
right hand part of ( ¢ ) may be rewritten as follows

s
355'.:& - 5) d(,o oz -‘%’f?;.:_gi)) = d(o’ o)

5 Thus during collisions the modulus of = remains ap-

proximately constant, mith an accuracy %~;2 .
One may use the approximate constancy of y) to de- 1

termine the function v (f‘, z) from the formula

R e (5, ?‘),_‘,’/—ﬁj—.=°r§°;?)”/?'7"9°,’/°°’5' (16)

From condition (10) we obtain

) 5. (B-FL &
e Iz, ,--—jy—r "3 (17)

50X1-HUM
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-
E
e R T e i *
3 5 - 11 -
1 where Q_?': is the vector of the angle between - 5’ and
£ vector 7 is related to vector &  inmtroduced 3
. L,
atov> bg the relation *‘ .
3 — -3 5_ g - _§= 5': 5’ _g
, Sercgtr AT R (18) i
’ ‘ The vector of the angle between ’7';5 and the initial di-,
1 rection of the electron has been denoted by
] From definition (15) we obtain, 3
1 Se AT B Egie 9y Sef3pie05, B FF )R 57 3
3 (19)
1, -, 3
The difference £z gz s f in (9) takes the form
2
W - A' A, - 7—.- pond ’ /// - r - 57 2" ::
g “Ef g Ve AP = e 0T 2T 1
] . R R LI (20)
3 "KL T h s 0 22 n-x)
1 Using (16) and integrating (9) over » we get
3 E—g,‘—;fz—f'?-')v‘f(’o-{_zizjv'/f;?ﬂ'—‘ 4
R . (21) i
3 - 12 / v 2 yeF7) - ulT, YT 3
1 (2r)* / 2075 4 ®
where ]
3 , ¢
Q=K /L~ &~ : - £
1 / .?,a,/o x)) 20 .") z g (21")
‘: For V;‘ we accept the expression ;
. , y o rr7e? .
» YT g * & (22)

150X1 —UM
3 o

S
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3

L2

3

37
@ is the Thomas-Fermi radiue o~ —;—%

pixicuss

Inserting in (21) we get

3
30’ / ) 4/:-?26" 0/2" N
— - é_i/(/'.—: s [UCE ) 8B T,
-Fad ¢ % 92 ris 3¢&,3/'2[ e 2 _/ (23)
& = =
T2
Expanding &V5 2 into a power series of # -7  we

obbtain from {23) the Fokker-Planck differential eguatlion

TR T S PEGNYIT 3¢ MW e

2 ,_~2l__
2Z » 2 6.52-/3 ~?J?V

:“ ) o 2.4 :24) :
: ' fg.‘f/zfe ,/)’_«fz:_g;_ 5
‘. ;? &, g :;
The quantity 52 mgy be determined from the condition ’:’
4 g
i of applicability of the Fokker-Planck expansion. Tae first §
A . term of the series expansion is t
; &,
2 &78 2 — e G
5 L2 800, = tn;‘q,l/"
& 4

The next term is of the order ]
6.

2
848 o+ 3% 2 4 o

8,
o kze = , X gl
The quantities /D‘e a/r-ﬁf’e/?' , Y=
will participate in further calculations. The equation for v’
can be obtained from equation (24) bty replacing «a by
[#4 ,- @ - .
The significant values of p? are determined by

the relation

22~ Err~ /
1 A A ST 7*~/F (25)

) R
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This estimation will be confirmed below.
Thus, the condition for expansion of ¢ into a series

] has the form

- ¢ % .
2 L o 52_ -~ ¢ z — . _:, w ” ‘22
7 5 "5 SR , ” 8 (26)
At sufficiently high energies &, may be of ihLe same

order of magnitude as the angle of diffraction by the nucleus
wrich 15 equal to ?-5 and in this case the upper limit

of integration with respect to f“7’ is determined by the

quartity ;T Puting R=c52 I ° we obtain for
6. > 75 R
._:; = L,”___S_?__'_ - 7( ,_()(Z (27)
cs2* 9 = 3

IV, Summation Qver Election Spin and Photon
Pclarization

It is not possible to carry out the summation over A,
and ‘, in expression (8) in the usual manner as the mo-
mentum subscripts in the spinor functions are different.

? Summation in (8) can be reduced to determination of the
| ttace of two-row matrices. The spinor functions arvre taken ih
the form

,O)' 2 ‘( —_ ’
Geofif Gy e sy (28

(5 */ / ’

i 50X1-HUM

R Sy I S T S _ . il -
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BN
E 4
3 . ¥ i
;3
- 14 = % 3
' -
.6,,6, o, are the Pauli mairic:s. s .3 axis iec oriented I
along % #
Supstitution in (8) gives
- e o T o B R oHG 6, K SOE- &) ]’ ]
3 -—znl 5‘ g v :—.—72 ‘S/D% ’-%T:T:" *> %ll’//:-——-“é; z—- w .;_E___-?__// . 29) E 3
. o -4 Cp T4 Ssaa L. F -2 )00 4 ;
We introduce the notation
- . ? i -
— - . . - 5, - - A H 3
PN A R L e AT b4
£ -0’ e ’ Lo g ¥4 fem ™4 (30) k.
B 7 9
Prorm (29) we then get 1
s 5. -2 S, Fo A o €C- JE6) = 1
A -’ 2 E
. . ) o (31)
L 5 TE (FRNET - (T :
, Each of the terms in (31) is close to unity. However,
j as the further calculations show the complete expression is
, of the order  »? We now express (31) as a sum of small
3 terms in each of which only the first term of the expimsion
. in powers of /'é is retained. 3
] Each of the vectors #,8 € 2  can be expressed as the '
; , sum of two terms, one of these being parallel and the other 1-'
] perpendicular to 4 . Awd Ay 1 A4 4 LA
] and similarly for B 2 5 ]
Prom (31) we then obtain 3
3 i
L= (0-C(8-A) 5] - AG
: (32)

. ".. i - > . | . .
e Declassified in Part - Sanitized Copy Approved for Relea

se 2014/06/20 : CIA-RDP80-00809A0001 001020-8
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1
] e gni
: tne magnitude of each term in (32) is the order
s
~ /o:_z ¢ ?2
Csang (17), (19) 1 {30 21 e
‘ » and \3¥; we Tind the requirea accuracy
“ Jflzcl-/_ - K=l =/ _ 1
: 'Y ‘ ‘ P =K
;- A= 20 5 I T AT g 2T V3
L 7 Z-x 7 a5, COR

Insertion in (32) zives

L= X, +. X, 5

Iy

2 \
A k- ey P
FART R*Cp-x)?
V. Probability of Bremssiral.lung o

Let ¥, (R, %) @& designate the probability of emission
per unit length of a photon having an energy lying between
X and k+dk The initial election ¥~function is nor-
' mglized per unit volume or, for C=/ per unit flux and
thua from formulae (3) ahd (7) we obtain

*

¢
V- £ fapassr o« L
2 A.,V < ) (on)3 /2,/3 2/98//?‘6 ﬁ;"/y (35)

E")o
Inserting expressions for Y, ¥ and <2 defined by
formulae (14), (16) and (33), into (7) we obtain

S5 < £ UG U DK, + X 57 ot 705

{

Expressing &  through ?—,” and & by formula (18)
we get

! o Fe » — a. . g l a>
ST« EE vz 5t e Ak AT I AL e

50X1-HUM

-
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"'_ n‘ . 4 - REDRT e ~,.;: ey g
S J - 6 -
Using normalization condition (1493 » - )‘qt Y k-

we cbtain

W ,;};;Lf-&/dw /(“‘Ji’ﬁ)” T DT (36)

We denote the singificant value of 7 in thie in-
tegral by 7, Prom (24) and {(25) we obtain the estimations.
7

7 lon
CTE s Erratay rgs (37) .

If the time of movement of the election in the medium, -

. 4 is much greater than z the upper limit of the in-

A tegral in (35) with respect to Z can be replaced by in-

finity ana Wt ceases to depehd on 2.

Only the crse ¢ =3 or ¢»€&, will be congidered
- below; ¢ is the thickness of the scattering material and

. 4:62‘;

For a condensed medium (~r

from (3¢).

22 .
=3./0"w) one obtaine

-5

R / 4
—~ —fe = O 3
C~ T e (38)

/‘
705
.s'a’ ), Kk=EAR

For La /O , £, = /0 cv (/’,
“one obtains £, ~ @2 cm

For Z > 7 the angular destribution of the photons ’

can easily be found. The width of the angular distribution

. 2 Delasid n Part - nitized Copy Approved for Release 2014/06/20 : CIA-RDP80-00809A000100140020-8
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: i B e L e
. a7 -
I 3 AN
3 K o
3 defined by the function %:{%,%) is of the order A
However, ~;', ~ ¢z and therefore the function b’(»?. +5,2)
i cen be substituted by - (g, 2) and the photon angular
distribution is given by the expression
E . : =T (B W (o, IS
- W, o, FolE = (5T 0 (39)
j Thus, the photon angular distribution is the same as that
‘ for multiple seattered elections with an energy A
A" 3 Denote
F R AR A N e A 2 &7
. : As the coefficients in ecquation (24) do not contain 2.
1 the equations for 4, and < will coincide with (24) and
E i S L
the initinl conditione 4, (7,2 _ =%, 2.7 ?/9 =7
: directly obtain from (17).
The coefficients in equation (24) contain only ?2 and
' the’ solution can therefirc be writfen in the form.
p - A —- 2
3 A,‘(z,Z)-é(-%d,ﬂ(g,d-?f(—%?? where z-.-a«?_- K ~, 9
satisfies the equations
' 9 ~ . " 9._ —/‘ )
] 2h 4 (- g)h = 22g (F 0 £ 57
E 5y (40)
k. { B . .. -9 2 2
E 9—92 + (@ -a."&‘)f = 2;’“?( ;%.* z ;fzz) .
. . we i.ntroduce the functions
‘ o
‘ (.:) /3 ’(‘.z,da/r
] | (41)
: T ixr
E - % (a) -.i/ e gmI”
50X1-HUM

I AR AR TR i
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4
- 18 =
- Then according %o (36)
" :
. W o= aZ A e ’, ]
% A e / ‘Z_ [‘*’a/.? - 2% /}’ az/ (42) 4
.' ]
: The equatiohs for ¥ and 74 can be cbtained by :
: integrating (40) over 7 ang using the initisl conditiions ".
for 4 and ¢ /
'
w7 Ty ‘ : ‘
SRt ’t"‘j‘*‘-’)ff=~2-§; (43) 3
wl/ . ‘v
2,/2 * 1(-4-#/32)527 = - 2———; ,
(44)
Wicze !
- L= = £ S0 2
2 o , 3= . X&Z :
7 faig-mp 2n.o-g 7 ° (45)
Solution of equation (43) and (44) and computation of
“the integrals in (42) are carried out in the annendlx.
The followin[- resulte are obtained
/ ¢ 7 5.
/ - : =L
e; [P0 = ec,,}f-/.? —5‘}'32 9\3a s)
| o (46)
: = s ~___..._'
] -48s3; F-Ffe 53T
| G(® / E; o#)
: %Ls) 29/::6(436 Shsxole - Grs?
,5___':1-—-&-- (47)
| iy tag-02
FPunction gb(s) was introduced in3

The values of Cx)(-sﬂ and G(& ape preasented in the

Declassified in Part - Sanitized Copy Approved for Release 2014/06/20 : CIA-RDP80-00809A000100140020-8 §
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R

v
TS

‘ - 19 =~ |
tabie. Tre piot of these f.n.tions is shown in fig.1.
S chw Gis) g
0 0 0
5,05 2,258 0,094 .
0,1 ., 446 0,206 {
.2 686 C,475 4
0,3 L, 308 0,595
J,4 2,880 0,800
0,5 1,931 0,875 ‘ {
0,6 ¢,95 0,917 i
0,7 0,965 0,945 i
0,8 0,975 0,963 ‘ ;
0,9 0,585 0,975 E
1,0 0,990 0,985 : ?
1,5 0,998 0,994 %
2 0,999 0,998
The asymptotic behavicr of €5 and G is given by ~ |
: . the ~ormulae o ‘
| d-és . BITLTHT : i
: S=o0 (18) B
| c —srst , G I~ 2222 E
sTe N ffRIE Lo
] ‘por ST/ one obtains 2.°~2%~ Z];Z ~ES T
§ = 1/_%—{ which confirms the estimation of the
. gignificant values of »% 2% given above.

substitution of (24), (38), (45) and (46) into (427 L
50X1-HUM

X

yields

E

»
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-the numerical factor an® - *2» lg~arithnr cigr in the following

50X1-HUM

 eixy? x
vV, " 57 az K. 129 <z 7 ‘6439/

Sraic 5/ k3IGE) ~ 2072 "R - x)l’gﬁwsy g,g,;é,,g,?f (49)

3~o2

. Egtimation (26) for 6, can be expressed in a more

convenient form

4 g s 17 7_‘ }_V _é:j
T Ve~ Ty g5z (50)
Put S5 them
Tty 2
Ve = j.i‘oz,t 3/“ * 2052  a- K)//}

This expression differs from the familiar formula (see,
for example © ) only by a factor of the order of unity
urder ine logarithm sign.

Uncerteinty of the factor under the logarithm sign is
a result of application of the Fokker-Planck method.

Solutiorn of integral equation (23), a difficult task,
should yield more > recisec formulae.

As functicns G2 and & are close to unity for

. S=s/ a cnavenient formula can be obtained by defining

marner

‘_/',_.g‘ﬁt' g ,"90‘
&, Phre 2 (51)

In this cave V] ia; defined for S$/ and for S=s
1t coincides with the usual expression.

For JS«r (48) and (49) yield

50X1-HUM
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L3

RO e

- D% £
z z - > .
Wm oSz R DLy .‘i..z - S g-008
t i/c‘.'.;z,t. < Fa FRE ey ma (52)

+ft Tl Cael the emission nrobabilivy ia proporticns?

.- S

> 2 ,
.L*é'( 3(40‘5) (,:2

AL 0w amall proton enirgics tie deviation of tra di-
25t Trom un_t, Ll

Cawal L, +
PR SN T 2

ve vaken into account.

Ta. zi:lectric consiant & eriers the initial for-

Toae throuih normalization of cperator 4  and also enters

I ol
tL int:rral over >~ in (3), where € should be
. «“ r i <
.r.laced by e e
v rongiderin, the frequancies W al ey sralet
..> oblalns
2 s 2 -'l)
Al ~ / ‘va
E=7- e =SS ZA1+ F 3
w? VE (54)
Account of &€ in the normalization factor of A is

equivalent to aaltiriication of Wi by a factor which is

close to unity and which can therefore be dropped.,

Thus, the effact of the dielectric constant on the

calculations ia equivalent to substitution of the quanti'ty
» < defined in (45) by o’

’

& - , [2epr - . 2
- w T <
~ > =z < Vs o2 -
2 2:} (£#+ 8 oz (55)

50X1-HUM

: - 40020-8
BeclassiFied in Part - Sanitized Copy Approved for Release 2014/06/20 : CIA-RDP80-00809A0001001




. 4
- 1.

. l. . c oy -
Declassified in Part - Sanitized Copy Approved for Release 2014/06/20 : CIA-RDP80-00809A000100140020-8

. * STSSFERIGRA AOhn

5 - 22 w

; ﬂ‘_va/ c4# K/

g Uslaz 1497 one obtains for small insteed of (53) a

23

* more ger=ral formula

\

s

n x - 52" 4 4 ot &
R £=iP=3 (56
wrere 5’ d4iffers from 3 in that under the irzerithm
9

4 sign & .8 r-pilaced by S)T At SS>L > one Tinis

‘ 4 ; &

i W, =g~ 55 (57)
foloarcovds iitn the result obtained in? for this
‘ Hriti. cas:. Tas, v s:tion i. o mediws is nov attended
’ by any inir- od catastropne difficulties.

Ir order to introduce the shower unit of lengtl it will
i be ronvenient to define a f‘unctiong(S) which takes into
accourt the wvariation of . with energy

E - .S 5 =5

k - S [ 4 22 , (s)-/, E)=2 g2, LZ

’ s 0 2 T 99 (58)
3 12535 S >z S<s
dere, S is the value of S for which 4-2&‘/;9%
Formilae (51) and (58) yield

w 4 >x2 5. /90 __ o~ g('s)

f“ Ba2rne’? §¢S) &———253 = 3—;37 2

k. / 591

E A 7_/_:_6”-?2& /90 L=t 2E=859 0 °t, (59

Pi3 ¢! /37 z5 '’ z

‘»3 ybere Z, is the shower unit expressed in centimeteras,

ki

E, Pron expression (47) for S one finds °

i

=
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1 e LS . r
- 2% = ~ :
4 ’ L
¢ 3
‘ 3 w &, { g
: ’ 2« T, =137 0" /,_.;__,.J-_—-;J (60) i §
1 S=F /; (p-x) 357 &) 7 i P
3 1
: Tpe probability of emission per shower unit length is ‘
1 , |
] o S fe2Gw - 220 c=:-~)2/C73“4/ (61) !
, | ;
1 In lead ( £ =05cm ) for #k=zxpg we obtain at 3
" H
=0 52  EmS50e, for  S-gR2 :
Swyf, 2 =20 &, = ) ‘ :
1 which corresponds to o 30% deviation of (67) from the Betha-
'x Heitler formuln s, - .{,25 /2 /36" y) the value 5"5‘4
| = =207 1
E corresponds to an cnergy £ = ev
3 ~ 3
F |
i - VI. Probability for Pair Production )
g . .
' . let W, (¥,2) denote the probability per unit length j
of production of a pair, the electYon of which posaseses an
energy lying between 2 and 2+d2 ( W 1is sumed over ]
: all- possible posit¥on states). N B

The probability for the inverse process W, mey be
summing over negative energy states in (8) and by

found by
5 E* 3n (9)., The final Tormulae are
changing the Sib1;f5ug;tzrut¢y o

obtained from those giv:r 2Love' by K-pA. Thus, Tor.example

' ., R-pPE
| . the quantity ;-f:.:é&_'ﬁ changes ihto ¢ w=fe=ferZe3

Thus, the probability W, which differs from Va

50X1-HUM
‘replacing A -x by K-f E

only in statistical weight can be obtained from (49) by

'

e
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M - . - —_— _Wﬁﬁ%ﬂw
&
- Ph

- —P:Q ~ 2 a - ~ P
VA Mi= 2L B)fC) e 2[5 i B7Hpnf  (62)
Here differs frog < enly in thet R-«

has been replaced by -0, The probability of pai

production per shower uait of length is

’ 55) /A o>~
WV, 4 - *5:—”/0(37? /%21&0—;&)796(‘”/ (63)

At s =1 this expression transforms into the

familiar formula for 3
) pair produetion$ s For S«

we get

fo."' 7 55) __,32+ I-R 73-‘
& /A;z ( ,T:') (64)

Formulae (61) and (63) are solutions of the brems-

strehlung and pair production problem for high energies in
condensed media.

z
x X

The author expresses his appreciation to V.M.&alitsky
for discussion of the results and’ to S.A., HeifSts for
oarrying out the numerical caloulations.

Appendixg

Equations (43) and (44‘”) can be solved by the

method. Assuming wid) = / Wi 9-41:/1
from (43) .

Laplace

one obtainsg

Wi A-iat = 7
A*eis T 2oy (14)
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AR A AR A R AT
- D5 =
>
Heace
~ 2A;
U Ay = 4»,{/[ /’L:E‘ ( J
2q 42-,\‘): FoAZ-xY R (315
T A
Here A =,se * u=2‘"_5, e The arbitrary
v

conatant g, is determined from the condition o7 finity
of function ¥ (2) at £ —o= For this it is necessary
that function &(4A) does not poseéss any singularities in
the right semi-plane , € B =4,

Expression (42 contains ?e/y’ DAZ = Relt n)

A -0
At A-o, ¥¢4) has a logarithmic singularity and therefore

Lm Ui depends or. how A approaches zero. It follows
A--o =
from the expression #e 4’“““/‘" (et cosa - “Imfen a)dz | Aak At
that it is sufficient for A to approach zero

o«r

along the real axis in order that the equalitg /af‘/s-&ufn)
be satisfied.

Separating from integral (2A) the divergence at ¥=0

we obtain

Rlllh) = ke ——//J/«‘-!‘)z(m’) “x/- —/&ii'/

A-o
apdwo awyAso

as Re L &d? =

Ao v 8
.yd-a
A} = - —~i— .7/;. é reaervys
pjio) Seg  29s . x /('/-x')‘i /-u)
au;.l-a
Ingertiilg xa £ and separating the imaginary

part we find
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‘;*
{
. i
{ Sos
k:"e}/pa'; m—-—-—— .Cs, G % X' VAN :_l { i ' -
aj ‘ /22’-(2‘ 205) () 73.5(1, ‘,‘! $42£ :.%‘) (3A>
Lo E T
S ¥ "Iy Vige o3
In order to solve equation {(44) 1t will be convenient
to 1f1troducr: Sk~ Py
2f e e p ) = s (44)
74
. . /’-AE a/ :
Inserting id)=jfe / < we obtain !
i
24 - : g
vl STy ) - Fresd 5A
A2z, 8 A2e,a (54)
% ()20 and therefore Frod e L

294

The so2usion of equation (qA) is

A = =t
4 2;/’

ReUe) ig calculated in exactly the same manner &8 Rellte) ' I
Performing once again the eubetj tution } -x
and separating the diverging part from the integral we obtaig,

. / FlE - b

RO 5

Ao I
dyd=e
s Ifl:ef"ting

i (4] 0 5452

% /- **/ )%
wy/hn

X = t»{ :It

and separating the real part we get

& V) = _._..
Awo  2gp*
g Ad=o

O

- T

P

.--_st
*eife st g @/e
M . sdt TaYE

v

Cd,fl‘f&va‘td//
sLE
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v
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- 27 - ¢
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Thus,
, !
, ]
e Poa =]Reddz = e
/ : /u‘ S<%¢9 F2Cs) (64)
:: where Pl o
- 575"35/3 i”—,&"—ﬂ‘—t‘#+2437€"2«:ﬁ£w- Corsis i
i cAtE SAr 4
3 o _ z‘ 4
= 25‘/&'—3"‘}5 e nst ot — (st (7a)
Functions GO(s) and G (s) can be
¥
expressed through the logarithmic derivatives of the ‘
-+ s function.l)
GOCs)m 253 = Ton " Wisis) + ¥ises-e)] - £ [
D>
- . J '
= - 3 3 ——— e i
' OS'= 675% » 245 f?:.’e'wfﬂ«-sz ] Sf
1 G(s)-:4152",,—"*~7275‘/;s+3'--15)/-= (8‘.) |
; = 1 I
] = 2752~ 4!5-‘%‘; v F ey 3
The formulae are useful for tabulations &5 and &Gcs)
4
i
i
2

T

[

1) Belations (84) were obtained by 8.A. Heifftz.
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